Abstract: Among frequently used approaches for evaluation of the sound field inside a room is the one based on using of image source method. This method has the advantage of a very accurate calculation of the reflections, but for higher order reflections, the calculation explodes due to an exponential increase of the number of possible image sources. Numerical method which makes the convergence of the infinite row in the sound level computation faster, will be presented in this paper. In this way the sound level at an arbitrary room point can be predicted only by means of the energy contribution of a relatively small number of image sources considerably shortening the computing time.
INTRODUCTION
The theoretical evaluation of the sound field distribution inside a room is possible today thanks to modern calculation by acoustic computer models. These models are based on classical geometrical methods. One of frequently used approaches for evaluation of the sound field inside a room is based on the well-known image source method. This method has the advantage of a very accurate calculation of the reflections, but for higher order reflections, the calculation explodes due to an exponential increase of the number of possible image sources.
Numerical method which makes faster the convergence of the infinite row in the sound level computation using the image source method , is presented in this paper. In this way the sound level at an arbitrary point can be predicted only by means of the energy contribution of a relatively small number of image sources and the computing time is therefore significantly shorter.
The sound levels of a given point in the room have been measured and compared with results computed using the image source method and proposed numerical method. The analyses of the measured values and calculated results in the real room, as well as analyses of requested number of image sources using the image source method and proposed method, establish unambiguously the advantage of the proposed approach.
IMAGE SOURCE METHOD
By use of the image source method, the acoustic energy density in both, sound-diffused and incompletelysound-diffused rectangular room, can be evaluated by summing up the energy density of the direct sound wave from a real source with acoustic power P and the energy density of sound waves from all of the image sources lower than the n-th reflection wave against the boundary surfaces. Let Nj Cj = 1,2 ...., n) be the number of image sound sources (No = 1 for direct sound wave) for only the j-th reflections against each wall and ceiling whose the mean absorption coefficient is 8, and the reflections against the floor whose sound absorption coefficient ( af ) may be changed. If the absorption in the air is neglected, the formula for Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1994525
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JOURNAL DE PHYSIQUE IV the sound energy density at the given point in a rectangular room is where n is the number of reflection from the floor of the i-th image source by the j-th reflection against each wall, r is the distance between the corresponding image sound source and the receiving point and c is the sound speed in the air.
IMPROVED METHOD
To accelerate the convergence of the series given by Eq.(l), a numerical Aitken A2 transform [5] is applied, where W, is a sequence of partial sums, and m is the order of Aitken's transform. Obtained sequence W, ' (n = 0, 1,2, ...) convergates faster than the original sequence Wno (n = 0, 1, 2,.. .). The convergence criterion is here given by where A is the required accuracy. The convergence criterion is said to be met if three successive values of n satisfjr the criterion.
CALCULATION RESULTS AND EXPERIMENTAL CONSIDERATIONS
For the purpose of a comparison with the computed results, the sound pressure level has been measured in the rectangular room.The dimensions of the room are (6,2 X 8,9 X 3,s) m3. The sound source type 4224 B&K was located just in front of the lower corner. The microphone type 4165 B&K was located near the mid-point of the room. The sound pressure levels have been measured using the real-time frequency analyzer type 2143 B&K. The concrete floor was covered with the specimen, so chosen that its absorption coefficient changed from 0,18 to 0,9 over the range of frequencies (125 + 1000) Hz used in this experiment.
The numerical evaluation of Eq.(l), for the case of 0,9 floor absorption coefficient (covered with the specimen) and 0,04 mean absorption coefficient of the other walls, is given in Fig.1. (solid line) as a hnction of the number of reflection n. For a convergence criterion A = 104, the classical image source method achieves steady state for n = 89, while the result aRer applying the first-order (m=l) and secondorder (m=2) Aitken's transform is obtained for n = 49 and n = 23, respectively. The necessary number of image sources is decreased from 956038 to only 4161798 and 17342, respectively. In this case Aitken's transform (taken by second-order acceleration) diminishes the computation time into one 65th the time of the classical image source method. where S is the total surface area, and a is the mean absorption coefficient of all walls in the room. Note that the agreement between the experimental results and the theoretically estimated values is better in the case of application of the improved image source method . This is due to the fact that Eq. (4) is good only for the room with uniform distribution of sound. In case when there is absorbing material placed only at the floor of the room, the sound field is surely in an undiffised situation, and therefore more accurate formula should be used [for example, Eq.(l)]. Since Aiken's transform eliminates the labour and time of the complicated calculation procedures based on many of the higher order image sources, the sound pressure levels can be estimated (using the image source method) easily and more precisely.
CONCLUSIONS AND FURTHER ASPECTS AND DEVELOPMENTS
The application of Aitken's transform substantially improves the convergence of the infinite series for the sound energy density. Using this approach, the sound field in the room can be predicted in relatively short computation time. Additionally, it allows us determination of the changes in sound field throughout the room due to additional sound sources, as well as dependence of their position and position of absorption material. In general, this approach enables a fast sound field anticipation and can be used successfUlly in designing many variational room models. The valadity and effectiveness of the proposed method has been experimentally confirmed by applying it to an actual rectangular room, as well.
